Abstract: Alkali pretreated rice straw was used as substrate for cellulase production by a locally isolated fungus Aspergillus fumigatus NITDGPKA3 under solid state fermentation. Critical process parameters such as incubation period, temperature, basal medium content and pH were statistically optimized for an enhanced cellulase and xylanase yield by response surface methodology. The design predicted an optimum yield of 3.1 IU/g dry substrate, 64.18 IU/g dry substrate and 1040.57 IU/g dry substrate for FPase, CMCase and xylanase respectively under the optimum conditions of incubation period of 90 h, temperature at 33 o C, initial basal medium content of 62% and initial pH 4. The experimental values under optimum conditions correlated well with the predicted results. Further, crude enzyme extract from Aspergillus fumigatus NITDGPKA3 was used for saccharification of pretreated rice straw and this released 189.50 mg/g of reducing sugar. This work was carried out in the
INTRODUCTION
Cellulose is the only renewable carbon source available in large quantities and has no food and feed value. Wide spread attention has been placed on lignocelluloses for the utilization of its fermentable sugars in chemical, food and energy production. Lignocellulosics include agricultural waste, forest waste, municipal solid waste, fruit and vegetable waste, wastes from the pulp and paper industry, as well as herbaceous energy crops [1] .
Among the agricultural wastes, rice straw is the most abundant agricultural waste all over the world. Although rice straw contains materials for social benefit, their apparent value is less than the cost of collection, transportation and processing for beneficial use. Usually rice straw is removed from the field at harvest time and is subjected to open field burning. Though straw burning is still practiced in many countries, it is increasingly becoming unacceptable due to environmental and health problems. If the wastes can be utilized for food production, they are no longer wastes but become new resources. With increase in crop yields the management of rice straw is becoming a problem as well as an opportunity for reutilization. It can be used as feedstock for enzyme as well as monosaccharide production.
*Address corresponding to this author at the Department of Biotechnology, National Institute of Technology, Durgapur-713209, West Bengal, India; Tel: + 91 3432754029; Fax: +91 3432547375; E-mails: kaustav.aikat@bt.nitdgp.ac.in, aikatk@yahoo.co.in Acid and enzymatic treatments are two commonly used procedures for production of soluble and low molecular weight hexoses and pentoses. Unlike acid hydrolysis, enzymatic treatment produces no inhibitory compounds and it avoids toxic and corrosive chemicals, high energy input and severe pollution. Cellulase basically hydrolyses the -1,4-glucosidic linkages of cellulose and produces primary products such as glucose, cellobiose and cello-oligosaccharides. Cellulase is the most extensively studied multiple enzyme complex comprising of endo-glucanases (EG), cellobiohydrolases (CBH) and -glucosidases (BGL). Endo-glucanases produce nicks in the cellulose polymer exposing reducing and non-reducing ends, cellobiohydrolases acts upon these reducing and nonreducing ends to liberate cello-oligosaccharides and cellobiose units, and -glucosidases cleave the cellobiose to liberate glucose, the final product of hydrolysis [2] .
High market price impedes the large scale application of cellulase enzyme. Hence it is necessary to improve the enzyme yield to make the process economically attractive [3] .
Cellulase is generally produced by cellulolytic fungi either in submerged fermentation or in solid state fermentation. Although submerged fermentation is amenable to high levels of process control and monitoring, the method can be complex. Solid state fermentation can be simpler and less energy intensive. In solid state fermentation, the hyphal growth mode of the employed filamentous fungi gives them an edge over bacteria which cannot easily access the cellulose inside the substrate in the absence of free water and thus cannot easily contaminate the culture [4, 5] . A crude unprocessed cellulase can be obtained from solid-state fermentation either by using the fermented substrate (koji) directly or by mixing the fermented substrate with water.
Multifactorial system or one-factor at a time is the traditional technique for the optimization of process parameters. However, this type of method is timeconsuming and also does not represent the interactive effects between components. In the study presented here, an attempt was made to employ response surface methodology (RSM) to identify the optimum conditions for cellulase production under solid state fermentation by analyzing the relationships among a number of parameters that affect the overall process. Moreover the secreted cellulase was applied for the saccharification of alkali pretreated rice straw.
MATERIALS AND METHODS

Microorganism and Maintenance Medium
Locally isolated fungus Aspergillus fumigatus NITDGPKA3 (Genebank accession number JQ046374) was used for cellulase production. The culture was maintained on Czapek modified agar slants at 4 o C and subcultured fortnightly.
Preparation of Rice Straw [6]
Locally procured rice straw was washed, air dried and size fractioned to 0.5mm. It was then pretreated with 0.5 M NaOH at 121 o C and 15 psi pressure for 1 hr at the ratio of 1:10 (substrate : NaOH solution). The pretreated rice straw was washed with tap water until the pH of the filtrate reached 7.The solid undigested substrate was dried at 60 o C overnight and stored at room temperature for cellulase production and enzymatic saccharification. The pretreated rice straw had the following composition: (cellulose 62.19%, hemicellulose 14.5%, lignin 8.4%, and ash 14.54%).
Inoculum Preparation
The fungal culture was subcultured on Czapek modified agar medium (CMM) and incubated at 30 o C. Fully sporulated plates were obtained after 6 days. The sporulated plates were flooded with 20 ml of distilled water containing 0.1% Tween 80. Spores were dislodged by gentle pipetting.
Solid State Fermentation for Enzyme Production
Five grams of rice straw (pretreated) was weighed into 250 ml Erlenmeyer flasks and was moistened with basal medium which had the following composition : 0.2% NaNO 3 , 0.05% KCl, 0.05% MgSO 4 , 0.001% FeSO 4 , 0.1% K 2 HPO 4 , 0.2% peptone. The flasks were autoclaved at 121 o C for 15 minutes at 15 psi pressure.
After cooling, the flasks were inoculated with 5 ml suspension per 100 g of dry weight of substrate containing 10 6 spores per ml. The contents were mixed thoroughly and incubated at 30 o C.
Analytical Methods
Enzyme Extraction
A known amount of solid fermented matter (0.5 g) was mixed with 5 ml of 0.05 M citrate buffer, pH 4.8 and was shaken at 120 rpm for 2 hours. The mixture was filtered through muslin cloth to obtain filtrate. The filtrate was centrifuged at 8000 rpm for 15 minutes at 4 o C. The solid residue was discarded and the supernatant was used for enzyme activity.
Enzyme Assay
Enzyme activities were assayed by estimating total reducing sugar released. Enzyme activity was measured by the methods of International Union of Pure and Applied Chemistry (IUPAC) Commission on Biotechnology [7] . CMCase and xylanase activities were determined using 2 % (w/v) carboxymethyl cellulose (Himedia, India) and 2% (w/v) oat spelt xylan (Himedia, India) solution prepared in 0.05 M, pH 4.8 Na-citrate buffer respectively. The reaction mixture, containing suitably diluted enzyme solution (0.5 ml) and 0.5 ml of substrate solution was incubated at 50 o C for 30 minutes and for 10 minutes for CMCase and xylanase respectively. To determine FPase activity 0.5 ml of enzyme solution was incubated with 1 ml of 0.05 M , pH 4.8 sodium citrate buffer containing 1cm X 6cm (=50 mg) Whatman filter paper strip at 50 o C for 60 minutes.
In all the cases, after incubation, the released reducing sugar was estimated by the DNS method with some modifications [8] . Dinitrosalycylic acid reagent (1 ml) was added to the reaction mixture and incubated for 5 minutes in a vigorously boiling water bath. Na-K tartarate solution (1 ml) was then added to the mixtures and cooled rapidly. The reducing sugar was estimated from the absorbance measured at 540 nm using glucose (for CMCase and FPase) and xylose (for xylanase) as standards. Enzymatic activities were defined in International Units (IU). One unit of enzymatic activity is defined as the amount of enzyme that releases 1 μmol reducing sugar/ml/minute.
Optimization of Cellulase Production
The present work involves optimization of different parameters governing cellulase production. The effects of Tween 80 and various nitrogen sources on cellulase production were examined by one factor at a time method.
Statistical Design of the Experiment
The significant parameters such as incubation period, temperature, initial pH, basal medium content were statistically optimized using RSM by central composite design (CCD). RSM is an efficient statistical technique for optimization of a complex process. RSM reduces the number of experimental trials as well as evaluates multiple parameters and their interactions. It is less laborious than other approaches. The codes and levels of the selected variables are given in Table 1 . The quadratic model as a response function was constructed according to the following equation: 
Enzymatic Hydrolysis of Alkali Pretreated Rice Straw
Enzymatic hydrolysis of alkali pretreated rice straw was carried out in a 250 ml flask containing 50 ml reaction mixture of 2% (w/v) rice straw, crude enzyme solution and 50 mM citrate buffer (pH 4.8). Streptomycin (40μg/ml) and cycloheximide (30μg/ml) were added to the mixture to prevent microbial contamination. Crude enzyme solution contained 30 IU/g dry substrate of CMCase from Aspergillus fumigatus NITDGPKA3. The reaction mixture was incubated at 50 o C and 120 rpm for 56 h. Samples (0.5 ml) were withdrawn at regular intervals, centrifuged at 14000 rpm for 15 minutes and the supernatant was analyzed for reducing sugars released.
RESULTS AND DISCUSSION
The effects of various nitrogen sources on cellulase and xylanase production were examined ( Table 2) . Addition of tryptone led to an appreciable increase in CMCase (40.39 IU/g dry substrate), FPase (1.97 IU/g dry substrate) and xylanase (393.61 IU/g dry substrate) production compared to other nitrogen sources. Concentration of the effective nitrogen source was varied as enzyme production is also known to be sensitive to the level of nitrogen source in the medium where 0.2 % (w/v) tryptone gave maximum cellulase as well as xylanase production.
For further improvement in enzyme production the concentration of Tween 80 was varied in spore suspension. Tween 80 is a nonionic surfactant that stimulates enzyme production [9] by improving the permeability of the cell membrane [10] , so that enzyme synthesized intracellularly can be secreted outside the cell more easily. In the present study 0.4% (w/v) Tween 80 in inoculum resulted in 43.44 IU CMCase/g dry substrate, 2.24 IU FPase/ g dry substrate and 681.22 IU xylanase /g dry substrate (Figure 1) . From the result it is seen that Tween 80 had a greater effect on xylanase production than on the production of CMCase and of FPase.
Response Surface Methodology
Central Composite Design (CCD) was used to investigate the effects of four independent variables on cellulase and xylanase production where 30 experimental runs with different combinations of four factors were carried out. The experimental design and the actual response along with the predicted response are given in values for CMCase, FPase and xylanase varied between 98.29% and 98.74% which represents appreciable fitness of the model as well as significant effects of temperature, initial pH, incubation period and basal medium content on cellulase and xylanase production. Analysis of variance (ANOVA) was employed to signify the variables and their interaction effects on enzyme production. The ANOVA of the quadratic regression model is summarized in Table 4 .
CMCase
The Model F value (83.95) with low probability value (p < 0.0001) and high R 2 value (0.9874) statistically signify the model. An insignificant lack of fit implies that the model was robust enough to explain the effects of the four parameters on CMCase production. The linear terms of temperature, initial pH and incubation period were significant at p<0.0001 level but basal medium content was not (p<0.005). All the quadratic terms were significant (p< 0.0001). Enzyme production was positively affected by the interaction coefficients between temperature and initial pH as well as basal medium content and incubation period at (p< 0.05) and (p<0.005) respectively. Moisture content which is affected by basal medium content influences biosynthesis and enzyme production by interfering with the physical properties of the solid substrate [11] . High moisture content reduces the porosity of solid particles, thus limiting oxygen transfer [12, 13] whereas low moisture content reduces solubility of the nutrients of the solid substrate which results in low degree of swelling [14] . CV value obtained from the model was 7.27. "Pred R-Squared"(0.9477) was also in reasonable agreement with the "Adj RSquared"(0.9756). Contour plots showing interaction between temperature and initial pH as well as basal medium content and incubation period on CMCase production have been depicted in Figure 2a and 2b respectively where optimum response is observed near the central value of temperature, initial pH, incubation period and basal medium content.
FPase
FPase is regarded as the total cellulolytic activity. Maximum FPase activity (3.3 IU/g dry substrate) was ) value of 0.9829 and an insignificant lack of fit signify a good effect of the process parameters on FPase production. FPase production was significantly affected by linear terms of the temperature, initial pH, incubation period at (p < 0.0001) whereas basal medium content had little effect (p<0.005). The interaction between temperature and pH as well as basal medium content and incubation period affected enzyme production at (p<0.05). A reasonable agreement between the "Pred R-Squared"(0.9212) and "Adj R-Squared"(0.9668) indicates a good corelation between the observed and predicted values. The contour plots (Figure 3a and 3b) represent the interaction between temperature and initial pH and between basal medium content and incubation period on enzyme production respectively where optimum level of FPase activity was obtained under the similar culture conditions observed for CMCase production.
Xylanase
ANOVA of the experimental values resulted in a high model F value (72.77) and a low probability value p < 0.0001 ( (Figure 4a and 4b respectively) showed that optimum enzyme was produced under culture conditions similar to those for CMCase as well as FPase production.
Optimization of the Process Parameters
Numerical optimization step in CCD was used to predict the optimum values of CMCase, FPase and xylanase activities by the adjusted model. The goals for variables of temperature, initial pH, incubation period and basal medium content were set as ''in range". The goal for the responses (FPase, CMCase and xylanase) was set as ''maximize" because the maximum value of yield is the aim. A number of solutions was produced by the software Design Expert.7.0.0 and ranked according to their desirability. The solutions with the highest desirability were chosen and the optimum values were 3.1 IU/g dry substrate, 64.18 IU/g dry substrate and 1040.57 IU/g dry substrate for FPase, CMCase and xylanase respectively. The optimized conditions were temperature 33 o C, initial pH 4, incubation period 90 hours and basal medium content 62%. Under the optimized culture conditions, experimental values of CMCase, FPase and xylanase activities obtained were 62.33 IU/g dry substrate, 3.04 IU/g dry substrate and 1056.28 IU/g dry substrate respectively. Experimentally optimized values were in good agreement with the predicted values ensuring valid significance of the developed model and its application in predicting the experimental results.
Enzymatic Hydrolyisis
The efficacy of secreted cellulases from Aspergillus fumigatus NITDGPKA3 in saccharifying alkali pretreated rice straw was evaluated. From Figure 5 it is observed that the release of sugars increased with the increase of saccharification time studied. The maximum reducing sugar (189.50 mg/g) was obtained at 48 hours.
CONCLUSION
Statistical optimization of cultivation conditions using central composite design appears to be an efficient tool for the cellulase production under solid state fermentation by Aspergillus fumigatus NITDGPKA3. The optimal FPase, CMCase and xylanase activities under optimal conditions were 3.1 IU/g dry substrate, 64.18 IU/g dry substrate and 1040.57 IU/g dry substrate respectively. The present study indicates that the strain produced cellulase enzyme which hydrolyzed rice straw to fermentable sugars.
